In the present study, it was discovered that the use of a brain-computer interface and functional electrical stimulation (BCI-FES) system had positive effects on shoulder subluxation and active shoulder movements for patients with stroke that resulted in hemiparesis. These results are consistent with the literature, given that BCIs have previously demonstrated positive effects on motor recovery poststroke. However, this study is the first of its kind to explore the effects of BCIs on shoulder subluxation. Because stroke is one of the most prevalent neurological disorders in the field of occupational therapy, the results of this study are favorable, given that they suggest the BCI-FES system may have a greater beneficial effect on reduction of shoulder subluxation and improved active range of motion (ROM) than FES alone. Reduced subluxation and improved active ROM may facilitate increased functional use in one's affected upper extremity. In turn, these improvements may lead to an increase in one's engagement in meaningful activities requiring the use of the affected limb, such as self-care, leisure, or work pursuits. Furthermore, action observational programs were used during the BCI-FES intervention to facilitate patients' concentration on a variety of observed shoulder movements. The observation of shoulder movements enabled patients to use motor imagery, a widely used intervention in occupational therapy, to actively engage in the ROM tasks. Because motor imagery was the key difference between the BCI-FES and the controlled FES group, it can be concluded that motor imagery improved motor function and reduced pain poststroke. Furthermore, given that occupational therapy prides itself on being client centered, occupational therapists can modify the action observational program when using the BCI-FES system to better fit a client's preferences while still facilitating motor recovery. With the tremendous prevalence of stroke in occupational therapy, it is imperative to further investigate the results of this study to determine the additional contributions of BCI in improving shoulder subluxation and impaired motor function poststroke.
CLINICAL BOTTOM LINE
In the present study, it was discovered that the use of a brain-computer interface and functional electrical stimulation (BCI-FES) system had positive effects on shoulder subluxation and active shoulder movements for patients with stroke that resulted in hemiparesis. These results are consistent with the literature, given that BCIs have previously demonstrated positive effects on motor recovery poststroke. However, this study is the first of its kind to explore the effects of BCIs on shoulder subluxation. Because stroke is one of the most prevalent neurological disorders in the field of occupational therapy, the results of this study are favorable, given that they suggest the BCI-FES system may have a greater beneficial effect on reduction of shoulder subluxation and improved active range of motion (ROM) than FES alone. Reduced subluxation and improved active ROM may facilitate increased functional use in one's affected upper extremity. In turn, these improvements may lead to an increase in one's engagement in meaningful activities requiring the use of the affected limb, such as self-care, leisure, or work pursuits. Furthermore, action observational programs were used during the BCI-FES intervention to facilitate patients' concentration on a variety of observed shoulder movements. The observation of shoulder movements enabled patients to use motor imagery, a widely used intervention in occupational therapy, to actively engage in the ROM tasks. Because motor imagery was the key difference between the BCI-FES and the controlled FES group, it can be concluded that motor imagery improved motor function and reduced pain poststroke. Furthermore, given that occupational therapy prides itself on being client centered, occupational therapists can modify the action observational program when using the BCI-FES system to better fit a client's preferences while still facilitating motor recovery. With the tremendous prevalence of stroke in occupational therapy, it is imperative to further investigate the results of this study to determine the additional contributions of BCI in improving shoulder subluxation and impaired motor function poststroke.
RESEARCH OBJECTIVE(S)
Investigate the effects of the BCI-controlled FES on structural and functional improvements of shoulder subluxation among patients diagnosed with stroke. Through the use of motor imagery, the researchers investigated the efficacy of BCI-FES on motor reeducation in attempts to overcome the limitations of passive FES. By allowing participants to actively engage in ROM tasks, this study aimed to demonstrate the significance of motor imagery in motor reeducation and recovery poststroke.
DESIGN TYPE AND LEVEL OF EVIDENCE:
Level I: Single-blind (evaluators blinded), randomized controlled trial
PARTICIPATION SELECTION
The recruitment process to obtain participants was not reported. However, 30 patients who were diagnosed with hemiparetic stroke were provided with a full explanation of the experimental procedure and provided written consent signifying voluntary participation in the study. Patients who did not meet the selection criteria were excluded, and after baseline measurements were taken, only 23 patients met the criteria to participate in the study. After patients were selected, they were randomly divided into the BCI-FES group (n = 11) and the FES group (n = 12). Randomization was conducted with a computer-based 1:1 randomization program by a researcher who was not involved in participant recruitment.
INCLUSION CRITERIA
Participants were included in the study if they met the following inclusion criteria:
 had onset of hemiparetic stroke within 6 months poststroke  diagnosed with shoulder subluxation by X-ray findings posthemiparetic stroke  scored more than 24 points on the Mini-Mental State Examination  had unimpaired visual and somatosensory function. Baseline measures were obtained from 30 patients, although only 23 fulfilled the inclusion criteria listed above.
EXCLUSION CRITERIA
Participants were excluded from the study if they did not meet the selection criteria. Furthermore, patients with a cardiac pacemaker, a continuing neurological deficit due to past contralateral stroke, or a shoulder pathology not related to the stroke were excluded from the study.
PARTICIPANT CHARACTERISTICS
N= (Number of participants taking part in the study) 20 (3 participants in the original N = 23 did not complete the study) Patients observed shoulder movements on the monitor screen and then were instructed to concentrate on and complete the observed movements with their affected arm. The movements included shoulder abduction and adduction with and without weight.
As the patients moved their arms, electroencephalogram patterns were detected through the headset. When a patient's level of concentration surpassed the designated concentration threshold (determined before the start of the intervention period), the FES was activated on the supraspinatus and the posterior deltoid to achieve shoulder reduction. When a patient's measured concentration level did not exceed the threshold, the FES was not activated. Thus, FES activation occurred on the basis of the degree of concentration of the patient. Patients in the BCI-FES group also received conventional occupational therapy, consisting of a ROM exercise, strengthening exercises, and hand and finger exercises.
How many participants in the group?
There were 11 participants in the BCI-FES group, although 1 participant did not complete the study because of a personal issue. Thus, only 10 participants were analyzed for the study. Of these 10 participants, 6 were male and 4 were female.
Where did the intervention take place?
The intervention took place at an institution. Patients in the BCI-FES group were provided with private space without external stimuli that would influence performance and brain activity.
Who Delivered? Two trained occupational therapists administered both the BCI-FES and the FES programs to minimize errors. Various occupational therapists supervised the conventional occupational therapy, but, to minimize the therapeutic effect from different therapists, researchers ensured that participants had instruction seven times before and during the intervention period to strengthen adherence to the designated protocol. There were 12 participants in the FES group, although 2 participants were discharged before completing the study. Thus, only 10 participants were analyzed for the study. Of these 10 participants, 4 were male and 6 were female.
The intervention took place at an institution. It was not reported whether this group was treated in a private space, like the BCI-FES group.
Who Delivered? Two trained occupational therapists administered both the BCI-FES and the FES programs to minimize errors. Various occupational therapists supervised the conventional occupational therapy, but, to minimize the therapeutic effect from different therapists, the researchers ensured that participants had instruction seven times before and during the intervention period to strengthen adherence to the designated protocol. Co-intervention:
Comment: Not reported. However, the BCI-FES group's intervention included active arm movements, which most occupational therapists include during FES training. The FES-only group's intervention did not include active movements, however, so the electrical stimulation was not truly "functional," as the term FES suggests. This factor could have resulted in a more favorable outcome for the BCI-FES group. Furthermore, the therapists who administered the BCI-FES and FES-only interventions were the same, and they were not blinded. Thus, because they were aware of the group assignments, they might have influenced the results unknowingly and created a cointervention bias.
Timing:
Comment: Not reported. However, the authors suggested that future studies should include longer intervention periods.
Site:
The site of intervention remained consistent for both intervention groups (an institution), although it was not reported whether the FES group had a private space for the intervention period, like the BCI-FES group did.
Use of different therapists to provide intervention:
The therapists who administered the BCI-FES and FES interventions were the same, although they were not blinded. Therefore, bias could have influenced the therapists to deliver more challenging therapy to their group to enhance success. However, the evaluator was independent of the treating therapists and was blinded.
MEASURES AND OUTCOMES
Complete for each measure relevant to occupational therapy: Measure 1: Manual Function Test (MFT) Name/type of measure used:
The MFT is an upper-limb function assessment for hemiparetic patients after stroke. What outcome was measured?
Patients' unilateral manual performance of their affected arm was measured. The MFT consists of eight items, including shoulder flexion, abduction, touching the occiput with the palm, touching the back with the palm, grasping, pinching, carrying cubes, and pegboard manipulation. The MFT is graded on a four-level scale, and scores can range from 0 (severely impaired) to 32 (full function). Is the measure reliable?
Is the measure valid?
When is the measure used?
Before the training began and at the end of the 6-week training period (pre-and postintervention) Measure 2: Modified Ashworth Scale (MAS) Name/type of measure used:
The MAS is an assessment used to test spasticity.
What outcome was measured?
The MAS, a 6-point scale grading the resistance of a relaxed limb to rapid passive stretch, was used to measure patients' shoulder spasticity. The MAS includes grades ranging from 0 (no increase in muscle tone) to 5 (affected part is rigid in flexion or extension). The examiner evaluated patients' spasticity of the affected shoulder by performing passive abduction and adduction of the shoulder joint with the patient in a sitting position. Is the measure reliable?
Before the training began and at the end of the 6-week training period (pre-and postintervention)
Measure 3: Length of subluxation (X-rays) Name/type of measure used:
X-rays of the affected and nonaffected shoulders were taken to measure the length of subluxation in millimeters. What outcome was measured?
Shoulder subluxation was evaluated with prerehabilitation and postrehabilitation anteroposterior shoulder X-rays. The X-rays were taken with the patient seated and arms dependent in a neutral position. Three reference points were identified to guide the measurements: the glenoid fossa, the humeral head, and the acromial surface. The vertical distance (VD) of the glenohumeral joint was measured in millimeters from the interior acromial point to the central point of the humeral head, and the horizontal distance (HD) was measured between the glenoid fossa and the humeral head. X-rays of the affected as well as the nonaffected shoulder were obtained from each patient for comparison purposes. Is the measure reliable?
When is the Before the training began and at the end of the 6-week training period measure used? (pre-and postintervention). The X-rays were not taken until at least 24 hours after the intervention to eliminate any short-term effects.
Measurement Biases: Check yes or no, and include a brief explanation
Were the evaluators blind to treatment status? Check yes, no, or NR, and if no, explain.
Yes, data were measured by the same blinded evaluator.
Recall or memory bias: Check yes, no, or NR, and if yes, explain.
Objective outcome measures were primarily used to determine whether a statistical change occurred.
Others (list and explain):
Intervention bias: The BCI-FES group essentially received two interventions during the treatment period: BCI-FES and active ROM. The control group, however, did not receive either intervention; they only received passive electrical stimulation. This might have contributed to the favorable outcomes discovered in the BCI-FES group. A more rigorous research design would include active ROM in both groups to better detect whether statistically significant results occurred through BCI-FES in comparison with FES only.
RESULTS

List key findings based on study objectives
Include statistical significance where appropriate (p<0.05) Include effect size if reported
The results of the study demonstrate clinically and statistically significant improvements (p < .05) from admission to discharge in several outcome measures. After the intervention period, the BCI-FES group showed statistically significant changes in the following: VD (p < .001), HD (p = .002), VAS (p = .009), and MFT (p < .000). In comparison, after the intervention period, the FES group showed significant changes in the following: HD (p = .034), VAS (p = .003), and MFT (p = .007). Furthermore, there were noticeable changes between groups on the three outcome measures-VD (p = .004) and two items of the MFT (shoulder flexion, p = .029; shoulder abduction, p = .016)-compared with the FES group. There was a statistically significant reduction in pain VAS within both groups but not between groups. For the MAS, there were no significant differences within or between groups. In conclusion, the use of the BCI-FES system had a positive influence on vertical shoulder reduction and active movements in comparison with FES alone. The effect size of the study was not reported. Was the percent/number of subjects/participants who dropped out of the study reported?
YES ☒ NO ☐
Limitations:
What are the overall study limitations?
Certain limitations of this study exist. First, the authors reported that the study was limited by only including participants with a certain level of upper limb function. However, this reviewer could not verify in this report that a level of motor function was included in the inclusion criteria. Next, follow-up results in the experimental group were not investigated. Therefore, it is unclear whether the effects would be maintained for a sufficient period of time to produce lasting improvements in shoulder reduction.
Furthermore, the sample size was small. Future studies should consider a larger sample size to better detect statistical differences in all outcome measures. In regard to the intervention groups, a more rigorous research design would include a third group to compare BCI-FES, FES with no active movements, and FES with active movements. This would eliminate some of the potentially fortuitous results that might have occurred from only one group actively moving their affected arm during FES training.
Finally, there were a few errors throughout the article that posed confusion about the study's methods and interventions (intervention time periods differed in text versus flow chart, use of FES despite the electrical stimulation not being tied to functional movement, etc.). Evaluator biases also seemed to be evident, so the results of the study might have been positively or negatively skewed because of this. Although this study proposes a promising intervention for shoulder subluxation, a better-designed study might be more conclusive regarding any statistically significant improvements that resulted from this intervention.
CONCLUSIONS
State the authors' conclusions related to the research objectives.
Although this study adds to the growing body of literature supporting the use of BCIs in motor recovery poststroke, it also brings forth a new, detailed look at the use of a BCI-FES system for improving shoulder subluxation and active ROM among hemiparetic stroke patients. The results of the study indicate that BCI-FES training with conventional occupational therapy may be effective in improving shoulder subluxation of patients with stroke by facilitating motor recovery. When the two were compared, the BCI-controlled FES training helped reduce vertical subluxation and improved shoulder flexion and abduction more than in the FES-alone group.
As participants concentrated on the shoulder movements during the BCI intervention, BCI-FES neurofeedback enhanced movements of shoulder flexion and abduction by stimulating the supraspinatus and posterior deltoid muscles relative to the vertical reduction. Therefore, such neurofeedback in the BCI-FES group might have had a more positive impact on shoulder vertical reduction than in the control group. Information disseminated in this study about the details underlying the beneficial effects of BCI on arm performance poststroke may stimulate the development of innovative behavioral concepts in rehabilitation. Because there were several limitations to this study, future studies with stronger designs might result in meaningful improvements by determining the additional contributions of BCI in improving shoulder subluxation and impaired motor function after stroke. For personal or educational use only. All other uses require permission from AOTA. Contact: www.copyright.com
